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INTRODUCTION AND SUMMARY 

T h i s  repor t  gives the s t a tus  of the subject contractual e f f o r t  f o r  Phase I11 

covering the period of November 1964 t o  s a t i s f y  the repor t  requirements of the 

contract. 

A techniaal  review meeting yw held a t  NASA Headquarters a t  the request of 

NASA-LRC personnel where Ooodyear Aerospace (GAC) and Westinghouse p e r s o p e l  

summarized the r e s u l t s  of the l en t i cu la r  s a t e l U t e  studkes conducted under con- 

t r a c t  to date. 

Cognizant NASA-Headquarters, GM&d and Langley personnel were present t o  

review technical progress i n  the l en t i cu la r  s a t e l l i t e  area and u t i l i z e  this 

information f o r  passive communications s a t e l l i t e  systems planning. 

technical memoranda presented a t  the meeting and supplementary information are 

included i n  this report  a s  Appendices f o r  information only. 

on program goals can be obtained in Reference 1. Lleference 2 concerns Phase I 

of t h i s  program and covers the first two coordination meetiLngs. Beference 3 

concerns Phase I1 of this pqogram a d  covers the $bird, fourth and f i f t h  coordina- 

t ion  meetings. 

Copies of 

Further information 

Appendix A is a copy of the f l i p  charts used by GAC a t  the s i x t h  coordination 

meeting a t  NASA-Headquarters to review the l en t i cu la r  s a t e l l i t e  work done under 

-1- 
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c a n b a u t  with NASA-LRC since July 1963. 

work along with l i s t i n g  pertinent documenta and milestone dates f o r  fur ther  informa- 

tian, 

the refsrenued documents f o r  technical de ta i l s .  

Page 6-3 gives P good h is tory  of this 

These charts provide summary information and the reader is directed to use 

Appendix B is a study o f t h e  l en t i cu la r  s a t e l l i t e  weight and provides evaluation 

of the a r e a d  of poten t ia l  weight reduction. A sagmparg of this information was 

presented i n  Appendh A, 

Appendix C considers a tmb- s a t e l l i t e  frm a s t ruo tu ra l  vierpoint. P i tch  

and r o l l  axis  tumbling were investigated t o  determine representat ive forces  and 

moments act ing an the tetrapod apex. 

on the tetrapod booms were also presented. 

presented i n  Appendix A. 

The e f fec t s  of these forces  and moments 

A summary of this i n fomat ion  was 

Appendix D i s  a study of t h e  canis ter  separati.on veloci ty  f o r  repzresentative 

symmetric y d  asymmetric s a t e l l i t e  configurations. 

moments of i n e r t i a  of  the baseline symmetrica s a t e l l i t e  about i t s  pr inc ipa l  axes 

Appendix E presents the 

during deployment while Appendix F presents similar data f o r  the baseline asymmetric 

canfiguration, 

Copies of Appendix A were given t o  everyone a t  t h e  December S t h  meeting while 

advance copies of Appendices B and C were given t o  cognizant NASA-LRC personnel. 

Appendices D t h rn  F a re  presented f o r  information. 

Revisions, t o  the analyses are made from time t o  t h e  as more information becomes 

available and new ideas  a re  generated. 

summarize the overal l  technical achievements and recommend future  e f fo r t .  

The f i n a l  r epor t  on the program w i l l  



I GOODYEAR AEROSPACE 
C O R P O R A T I O N  

1. GAP-2680 - Advanced Passive Comunications Lenticular Satel l i te  Studies 
May 1964 

2. OER-ll.789 - kdvanced Paesive ComamicatLon Lenticular Satel l i te  Studies 
October 25, 196b Contract No. NAS 1-3l.4, Amendment 6, Phase I 

3. GsR-11816 - Advanced Passive  cations Lenticular SPtellita Studies 
Novaer l9& Contract No, NAS 1-3u, Amendment 6,  Phase I1 

-3- 



Appendix A 

SP-3683 

CONTRACT*NAS 1-3/14 
AMENDMENT 6 

COORDINATION MEE7ifNG 
.NUMBER 6 
NASA HEADQUARTERS 
I5 DEi€MB€R /964 

GOODYEAR AEROSPACE 



LE'NTICUl AR SATEL L ITE 
(SOLAR SAILING) SOLAR SAIL IN& (n0BJLlTY) 

s;rUDl€S 
R Q 

CONHUMICATION SYSTfM JTUD.ES " 
RF T€ST/AIG 

MATERIALS IMPROVEMENT 

SATELLITE DESIGN AND MOBWJY STUDIES 
ILIGHT TEST PROGRAM 

OPERATl6NAL SYSTEM G O O D V E A R  A E R O S P A C E  

A-2 



Appendix A 

SP-3683 

e 

a 

PRELIMINARY P€SW 
AND EST PUMfflYG 

AMAW COMPUTiR 
STUD/€S 

ECUOZ ~€FiEGTIVITY 
STUil&S 

- 3- 

63 

i 
5 
P E  
'HA 

I 

1964 

G O O D V E A R  AEROSPACE 

A-3 

. 



Appendix A 

SP-3683 

- - 
ASYNUKRICAL vs 

SYMMETRICAL 

SAIL VS OPAQUE LENS 
MATERIALS 
STRUCTURE - - 

( PHIL1 IPS ' WNC€PT) 
CONTKOLLED YAW ANGLE 

YAW CONTROL I 
1 7WO ANGLES 

- 
R €ACTION 
lAlERTlA OISTUI0UT/~ 

CAN ISTU ORlVE I MUCllPlE ANGLES - - I RIM PRIVE 

OU- BOARD COMPUTER VS ON-GROUND 
COMMAND R E N 1  VER 
INSTRUMENTATION 

ELECTRONICS I 
SOLAR CELLIBATTERY 
R AOlOlSOTOPE POWER SUPPLY 

-q -  G O O D V E A R  A E R O S P A C E  e 
A-L 



Appendix A 

a 

AMENDM€NT 6 

WH6URA7lON 57UDY 

MOBILITY 

ORBIT ALTITUDC 

ORBITAL LIFE 

ORBIT /NCL m/ATiON 

YAW COWROL PZWTIOM 

YAW CONTROL 7UERAIVCE 

VER7iCAL RW7M ERROR 

YAW CONTROI WZIM V H  

CONFIGURATION 

A 
IOU M/MO 

2000NM/ 
5 YR 

0 TO 90 D€6 

WClUATING 
(PHIL1 lP$ CON&P$ - 
3 DEG PiTCH: 
3DEG ROLL 

- 
(PER 66@ I1502 

!ENS DlAM 
-261.6 FT 
‘ENS c RADIUS 
-200 f 7  

- 
Pf?€S€/W S7ATUS 

/004tB/MO 

3000 /A!/ 

5 YR 

60 lbb.5 W6 

3 O R 5  
% 30 DCG OPAQO€ LlN5 
+, 10 bt6 FLAT SAIL 

?3 D€6 

“JD4Y 
(P€R GER-risoz) 
LENS DI4M 
-267.6 FT 

LENS PADCIS - 200 FT 

G O O D V E A R  A E R O S P A C E  e 
-8  - 

A-5 



a 
Appendix A 

SP-3683 
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CONCLUSIONS 
GRAVITY GRADIENT STABILIZED LENTICULAR 

SATELLlTE IS FEASIBLE 

SOLAR SAILING OF LENTICULAR 
SATELLITE IS FEASIBLE 

RECOMMENDATIONS 
CONDUCT FURTHER SYSTEM STUDIES (NASA, 
IN-HOUSE, INDUSTRY) TREATING AREAS SUCH AS 

COST EFFECTIVENESS 
MULTIPLE ACCESS AND TERMINAL SHARING 
ADVANCED SATELLITES 
OPERATIONAL MODES 
GROUND ENVIRONMENT 

DEFINE FLIGHT TEST PROGRAM 
CONTINUE R AND D 

R-F PERFORMANCE 
MATERIALS, STRUCTURES, TOLERANCES 
STABILIZATION AND CONTROL 
STATION KEEPING 
GROUND MODELS AND TESTS 
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STUDY OF LENTICULAR SATELLI'JS WEIGHT 

INTHODUCT ION 

A reliminary design f o r  a gravity gradient s t ab i l i zed  l en t i cu la r  satellite 
( 8 S 2 )  was presented in reference 1. This was designed f o r  a 2000 NK 
circular o r b i t  and had a lens radius of  curvature of 200 feet and an included 
angle of 84O. 

In the present study i t  has been e s t a b l i s h d  that a design ($&) incorporat- 
ing  s o l a r  s a i l i n g  can be achieved f o r  a modest increase i n  weight. In making 
t h i s  study it was assumed that the lens ,  r i m ,  torus, and in f l a t ion  system of 
the $S2 design would a l s o  be sa t i s fac tory  f o r  the present study. This is  a 
sa t i s fac tory  approach to  study the f e a s i b i l i t y  of adding s o l a r  s a i l i n g  to the 
lenticular satellite, 
design f o r  ia partricular case, i t  is now advisable t o  study the e f f e c t  of the 
various design parameters on the satellite launch weight, 

Having established feasibility and a preliminary 

The objectives of this study are: 

1. To present satellite weight i n  a manner suitable f o r  a 
system study. 

2. To evaluate areas of potential weight reduction. 

Derivation of Weight Eauations 

The major portion of the launch weight of the satellite, Ws, consis ts  of three 
item: the lens, WL; the torus, WT; and the i n f l a t i o n  system, WI. 
performs the primary function of the satellite, r e f l e c t s  microwave energy, and 
so its weight can be expressed i n  terms of the pr inc ipa l  microwave parameters 
p and Q, the radius o f  curvature and half angle respectively. 
the torus and i n f l a t i o n  s y s t e m  are  only erect ion aids required to  r ig id ize  the  
lens and their weights must be functionally re la ted t o  the lens weight. 
the above reasons it is  convenient t o  iden t i fy  the sum of the weights of these 
three items as: 

The l ens  

Furthermore, 

For 

Eq. 1 *P wL + wr + WI 

From the weight statement f o r  the f u l l  scale  l e n t i c a a r  s a t e l l i t e  appearing on 
page 23 of Reference 1 

ws = 1250 

B-1 
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For this p a r t i c u l a r  case WP accounts f o r  72% of  the satellite weight* The 
remaining 28% is i n  items such as rim, damper system, canis ters ,  e tc , ,  which 
w i l l  obey d i f f e r e n t  seal ing laws than Wp. It appears reasonable to assum 
that the weights of these remaining items will increase o r  decrease i f  W 
increases or decreases and i t  is suggested for a first approximation tha! 

Eq. 2 

whem f o r  this particular case 
1250 

?q. = = 1.385 

Present s tud ie s  concerned with incorporating s o l a r  s a i l i n g  on th? l e n t i c u l a r  
sa te l l i te  are not  complete but indicate t h a t  the weight increase will be 
modest and that Wp w i l l  s t i l l  account f o r  the major port ion of t h e  t o t a l  
launch weight. So f o r  the advanced configuration it is suggested that 

where b2 is  to be determined a t  the conclusion of the  cur ren t  program. 

Attent ion can now be focused on the determination of  Wp, 
shown i n  Figure 1. The l ens  weight w i l l  be considered first. The t o t a l  
surface area is 

The geometry used is 

E% 4 = &2(i - COS e) 
and multiplying by the  u n i t  weight of  the lens  material gives the  t o t a l  weight 

Eq* 5 WL = Larw p2(1 - cos e) 

The torus area and weight may be writ ten 

Eq. 6 + = h 2 r ( R  + r )  

Eq* 7 % = ht YT r t (R + r) 

For t h i s  study i t  is  necessary to r e w r i t e  Equation 7 i n  terms of  t h e  basic 
parameters of the system. 
c r i t e r i a  - wrinkling and strength,  note page 106 of reference 1, 

It should be noted t h z t  the torus must s a t i s f y  two 

B-2 
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The torus loading, q, is radial and depends upon the strength level,  I, 
required to r i g i d b e  the l ens  and i s  given by: 

Eq, 8 q = 2N cos 8 

The pressure required to satisf'y tb wrinkling criteria i s  given by the 
condition 

Eq. 9 
2 a l  ME cos 8 

p Y = -  -9 

where a1 is a factor of safety on the torus pressure. 

The strength c r i t e r i a  is 

Eq. 10 P y r  FT 
t a2 

-- ( 2 + r/R) = - 

where a2 i s  a factor of safety on the s t rength of the torus. 

Solving equations 9 and 10 f o r  r t y i e l d s  

and subst i tut ing the above equation in to  Equation 7 yields  an expression f o r  
the torus weight i n  terms of the desired parameters. 

Eq. 12 WT = kala2Np2(:)(1 + r/R)(2 + r /R)  cos 8 s in2  Q 

The in f l a t ion  system weigM, WI, consists of the SUK' o f  %.k gas,, bott le,  and 
hardware weight. 
weight i s  small compared to the gas and bo t t l e  weight and s o  the  i n f l a t i o n  
system weight may be writ ten 

From page 23 of reference 1 i t  i s  apparent that the hardware 

B-3 



Appendix B 

GOODYEAH AEROSPACE COHPOEATION 

SM-882 1 
11-20-6& 

W h e r e  a3 accounts for the hardware weight. 

The gas weight is given by the  standard equation 

where the factor 1 2  is introduced to keep the length units i n  inches, 

and the weight of the bottLe is given by 

Eq. 15 

where ah i s  a fac tor  of sa fe ty  on s t rength of the bottle.  

SubstitutLng Equations lb and 1s in to  Equation 13 gives f o r  the t o t a l  weight 
of  the in f l a t ion  system: 

Eq. 16 

The quantity pV must s t i l l  be determined. 
t o  t h i s  quantity and i t  may be writ ten 

Both the lens  and torus  contribute . 

Eq. 17  PV = PT v* + ?L VL 

The pressure i n  the torus is given by Equation 9 and the lens pressure i s  

Eq. 18 2 N  
PL = p 

The two volumes are given by 

Eq. 19 VT = 2yt2r2 p ( 1  + r/R) sin 8 

2 
Eq, 20 VL = 7 p3(1 - cos e>*(:! + cos e) 
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Subst i tut ing the above expressions into Equation 17 y ie lds  

Eq. 2 1  p v =  hP,pp2[al(iq)c0se r s in2e+J( l  1 - cos 0 )  2 (2 + cos e)] 

where as is a fac tor  to apcount f o r  gas leakage and reserve. 

Subst i tut ing the above expression i n t o  Equation 16 gives the in f l a t ion  system 
weight in terms of the desired parameters. 

Eq. 22 

The satellite weights have been derived i n  terms of  the pr incipal  system 
parameters. The microwave parameters are p and e.  The material parameters 
are w, N, + a / ~ ,  P B / F ~ ,  m. 

The r e l i a b i l i t y  parameters are al, a2, ah9 and a ' e  

The equations required to calculate the weights are 1, 2, 3,  5, 12,  and 22, 

5 

Cheek of Weight Equations 

Before examining the weight equations i n  d e t a i l  i t  i s  advisable t o  check t h e m  
against  the weights i n  reference 1, Only equations ;n 1 2 ,  ana 22 need be 
checked. All of the parameters f o r  the l en t i cu la r  s ? s e l l i t e  are l i s t e d  i n  
Table I along with t h e  page i n  reference 1 from which they weye obtained. 
Subst i tut ing these values i n  the apprcpriate equations gives 

-6 2 
Eqv 23 WL = 373.2 x 10 p (1 - COS e )  

= 552.15 lbs ,  (552 Ref. 1 Value) 

Eq. 2 4  
- 4  2 wT = 59.1 x 10 p cos e s in2  5 

= 113.29 lbs (116.6 Ref. 1 value) 
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= 224.02 lbs. (233 Ref. 1 value) 

The lens weight checks exactly and the torus and i n f l a t i o n  system weights are 
about 3J lowB This discrepancy is caused by the fact  that i n  reference 1 the 
torus w a s  conservatively assumed to be loaded a t  a radius of  R + r instead of 
a t  a radius of R. Therefore the loads and the weight are high by a f a c t a  of 
1 + r/R o r  1.02927. This same factor a l s o  appl ies  to the i n f l a t i o n  system 
weight,, It is concluded that the weight equations a r e  correct. 

Discussion of  Microwave Parameters on Weieht 

There are many factors,  such as; ground s ta t ions,  o rb i t s ,  etc., that must be 
considered in  determining the optimum communication system, 
i n t e n t  of  this memornadum to  study the e f f e c t  of these factors  on the satellite 
weight but rather t o  present the weight i n  terms of the microwave paramters  
that are defined by these factors. 
of curvature, p, and included angle, 2 8, 

It is not the 

These microwave parameters are l ens  radius 

The equations developed above are i n  form suitable t o  determine the e f f e c t  of 
the pr incipal  microwave parameters (p and 63) on the satellite weight, 
Equations 1 and 2 the l e n t i c u l a r  s age l l i t e  weight is 

From 

Eq. 26 WS = 1,385 (WL -+ WT + WI ) 

where WE, and WI are given by Equations 23, 2L, and 25 respectiusly, 

Inspection o f  these equations shows that the launch weights of the lens, torus, 
and in f l a t ion  system are each proportional to the square of she lens  radius, 
It follows from Equation 26 tha t  the satellite weight i s  a l s o  proportional t o  t h e  
square of the l ens  radius, The  general form of the weight equation is then 

Eq* 27 w/p2 = f ( @ L  

The values o f  f ( 0 )  have been calculated f o r  5 degree increments o f  C, covt-I.ring 
a range from loo  t o  4So. 
angle used f o r  the l e n t i c u l a r  s a t e l l i t e ,  The valaes a r e  shown i n  Table I1 f o r  
the lens ,  torus, in f l a t ion  system, and s a t e l l i t e ,  afld are p l o t t e d  in figure 2. 

In  addition b 2 O  has been included because t h i s  i s  the 
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From Figure 2 it is apparent t ha t  the weight of the satellite depends s t rongly 
upon the angle 8. Comparing 100 to 4z0 fo r  example 

Or a satellite w i t h  a 20' included angle would weigh 6.85 of one with an 84' 
included angle if the radius of  curvature of the l ens  is the same, 

The same curve is a l s o  useful f o r  maHng a s t ab i l i za t ion  s y s t e m  trade-off 
study. 
of the increase i n  angle ( 46) and compared to the s t ab i l i za t ion  system 
weight required to l i m i t  the  osc i l la t ions  o f  the satellite to t h i s  value t o  
arrive a t  the optimum arrangement. 
note tha t  the percent weight increase per  degree decreases with the angle 8. 
*om Figure 2 i t  is found that for 

The weight penalty f o r  the satellite can be determined as  a function 

In  this connection i t  i s  per t inent  t o  

a, Q = 10' g Aw = 21 percent per degree 

be 8 = LO0 : Aw = 4.2 percent per degree 

Another consideration o f  intere.st  is the d i s t r ibu t ion  of, the weight between 
the lens, torus, and in f l a t ion  system. This d i s t r ibu t ion  can be readi ly  
obtained from Table 11. 
percent of s a t e l l i t e  weight against 0. The percentage of lens  weight 
increases with 8 and both the torus and i n f l a t i o n  system percentages decrease. 

The results are presented in RLgure 3 as plots  of 

Evaluation of Design Parameters 

An examination of the weight equations derived previously reveals t ha t  i n  
addi t ion to the microwave parameters p and Q there are many ozher parameters 
that, a f f e c t  the launch weight of the satellite, These other parameters a re  
designated design parameters, herein. Each of these design p a r a m b r s  w i l l  
now be examined and areas of potent ia l  weight reduction discussed. 

a. Lens Material 

The l ens  weight is proportional to w (Eq. 5) and the torus and i n f l a t ion  
system weights are proportiollal to N (Eqs. 12 ar?d 22) .  From this obser- 
vat ion i t  is  apparent t h a t  o f  all the design parameters the lens rra+&rial 
propert ies  has the grea tes t  influence on the s a t e l l i t e  weight,. For t h i s  
reason the lens  material properties deserve spec ia l  attention, 
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The parameters w and N depend upon the wire and f i l m  properties and 
dimen tions. 

Eq, 27 

Eq. 28 

For the G2S2 
a spacing of 
with 1/2 m i l  

- -  

They are given by 

design the lens material consisted of one mil copper w i r e  at 
1/21 inches with a yie ld  stress of 23,000 p s i  i n  combination 
of photolyzable film, The values f o r  t h i s  material are 

2 x(.OO1) x,21 x ,324 
2 w =  

= (10.7 t 19) x 

+ .0005 x ,038 

= 29.7 x lo-' l b / i n 2  

2 
n(.001) x 2 1  x 23,000 
7 N =  

= .3793 lb/in. 

It i s  in te res t ing  to note that the  f i l m  weight 
o f  the lens weight and accounts f o r  351r lbs of  
densi ty  of  tk f i l m  material car-mot be changed 

is 1 9  x 100/29,7 or  6L.lg 
the launch weight. The 
but the poss ib i l i ty  of  

decreasing the film thickness should be investigated. 

The wire material and dimensions were d ic ta ted  primarily by weavkg 
limitations,  
decrease P of  the copper c loth o r  even be t t e r  to develop techrique f o r  
weaving wixh small diameter aluminum wire. 
explore the poss ib i l i t y  of  using filament wound material i n  which srnall 
diameter aluminum uire is  possible. 

'hrrther e f f o r t  may be warrented t o  increase S and ta 

Another approa.ch is t o  

It may be optimistic but perhaps possible to develop a l e n s  material  
consisting of 1 m i l  aluminun: wire a t  1/10 inch spacing with a yield. 
s t rength  of 6,000 p s i  i n  combination with . 3  m i l  photolyzable f i l x  
could be done then the l ens  material  parameters would be 

If this 
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p =: ?& 6,000 = .Ob71 lbs/ in  

Uith above properties the  lens weight would mduce from 552 l b s  to 
12,97 x 552/29,7 or 231 lbs and the torus plus i n f l a t ion  system weight 
from 337 lbs  t o  .Oh71 x 337/.3793 o r  42 lbs., J‘he satellite weight would 
then be only 273 x 100/889 o r  30.9% of  the C‘S weight. 

The torus weight i s  proportional t o  TT/+ (Eq, 1 2 )  and does not a f f e c t  
the l ens  o r  i n f l a t i o n  system weights. 
feasible  t o  decrease ? f~  o r  increase pr i n  an e f f o r t  to improve t h i s  
ra t io ,  Furtkrmore since the torus weight i s  the smallest of  the three 
that make up W improvements i n  torus material w i l l  have a correspond- 

A t  this time i t  does not appear 

ingly small ef ” e c t  on the total weight. 

C, Bottle Material 

The i n f l a t i o n  s y s t e m  weight i s  proportional to the sum of the gas and 
b o t t l e  weights and the bot t le  weight is proportional to f g / F g  ( fq.  22), 
T i t a n i u m  w a s  used f o r  the bo t t l e  and has a value of F$ f~ of 10 in ,  
‘Literature from manufacturers ind ica te  t h a t  values o f  1,8 x 106 y be 
at ta inable  with f iberg lass  b o t t l e s .  Using #$PB = ,555 x 10’?and 
Equation 25, the new weight would be only 

of the @S2 
= 93 lbs. 

i n f l a t ion  s y s t e m  weight or a reduction i n  weight of 224 x . 4 8  

de In f l a t ion  Gas 

Be weight of the in f l a t ion  gas is proportional to the molecular k-eight, m. 
For helium, m =  4, and the only gas with a lower molecular weight is 
hydrogen with m = 2. This would reduce the  gas weight i n  half but s:?lr,e 
th gas weight i s  small the weight savings possible does not  appear t o  
compensate f o r  the increase i n  danger associated with hydrogen, 
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e, Torrrs Radius to Lens Radius (r/R) 

T h i s  factor affects both the torus weight (Eq. 1 2 )  and the i n f l a t ion  
s s t e m  weight (Eq. 22), A value of ,02927 was found satisfactmy f o r  
$S2 and perhaps a smaller value could be just i f ied.  However, the torus 
weight is  proportional. to (1 + 3r/R) and the i n f l a t ion  system proportional 
t o  something less than (1 + r/R) and so a t  most a 10% and 3% reduction 
f o r  the two i t e m s  is  possible. !This is not su f f i c i en t  to warrant a change 
in r/R. 

f. Tactor a; 

T h i s  is  a fac tor  t o  insure that  t h e  torus  pressure is always greater  than 
tha t  required to support the membrane loads of the lens. It has an 
e f fec t  on both the torus and i n f l a t i o n  system weights, 
a r b i t r a r i l y  chosen as 1,25, 

This was ra ther  
A smaller value may be acceptable, perhaps 

a* = 1.10 

The new weight would be (113 + 22l~)1.10/1.25 = 
saving of 37 lbs. 

300 lbs .  o r  a weight 

This i s  a f ac to r  o f  safety against  the s t rength of the torus and a f f ec t s  
only %he torus weight, 
minimum consistent with good structural r e l i ab i l i t y ,  
i s  not advisable, 

A value of 1.25 was used and i s  f e l t  to be a 
A reduction i n  a2 

h. Factor a3 

T h i s  fac tor  i s  simply the r a t i o  of  the in f l a t ion  s y s t e m  weight to  the 
weight of the gas plu The value of 1,12 w a s  determined from 
the weights used on G’,spt%ethere i s  no apparent reason t o  expect i t  
t o  become smaller, 

This i s  a factor of safety against the s t z n g t h  of the b o t t l e  and a f fec t s  
only the weight of the in f l a t ion  system, 
la rge  compared t o  tne gas weight, it has considerable e f fec t ,  
of 3 was used for  G2S2 which is u d o u b t e d l y  conservative, 
reduced t o  

Since the bo t t l e  weight i s  
A fac tor  

If t h i s  w r e  

a*b = 1.5 

the new weight would be 224(.4l  f 2.25)/(.&1 + L?O) = 1 2 1  lbs . ,  a 
saving of lo3 lbs ,  

1-10 
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This factor accounts for  gas leakage and reserve and the inf la t ion  system 
w e '  ht is di rec t ly  proportional t o  it (Eq. 22), The value determined f o r  $3 was 3.0L There are tm factors that warrant further study i n  an 
e f f o r t  to reduce leakage. 
and the time that the design pressure is maintained. 
probably can be mduced and i f  the leakage and reserve were cu 
the factor would be 

There are the hole area assumed i n  the  torus 

in half  
bth of these 

a*s = 2.00 

and the new weight would be 22& x 2/3.0& = 1L7 lbs,  o r  a saving of 77 l b s  

Each of the design parameters have been examined, potent ia l  improvement8 
discussed, and the corresponding weight savings estimated, This is summarized 
i n  Table III. The column, $S2 values, are the  values used i n  reference 1 f o r  
the full scale satellite, 
values of tk design parameters thht m y  be realized. 
weight savings associated with the change of the par t icu lar  parameter. 

The column, projected values, a m  perhaps optimistic 
The last column is  the 

Worn this table it is apparent that a large reduction i n  launch weight may be 
possible. 
savings shown because these paruneters enter  i n  most cases as products rather 
than sums. 
i f  all of the projected design paramters  were used the corresponding weight 
savings would be 642 lbs, 
o r  28.8% of the G2S2 weight. 

The savings, i t  should be noted, is not the sum of the weight 

The sum of the weight savings shown i n  the table is 926 l b s  whereas 

The corresponding s a t e l l i t e  weight would be 360 lbs 

The l a rges t  weight reduction, 614 lbs, i s  associated w i t h  the lens  material. 
This may be considered undully optimistic, however, i t  does demonstrate the  
importance of the lens  material properties on the weight and tha t  e f f o r t s  tc! 
improve these properties should be given serious cornideration. 

The next l a rges t  weight reduction is  i n  the gas bottle. 
are possible (103 lbs)  by reducing the fac tor  of sa fe ty  frqn 3 t o  1.5 or 
(93 lbs )  by using improved materials with the sans fac tor  of safety. 
de ta i led  study of the bottle should be made to select the best combination of 
material and fac tor  of safety required t o  achieve the desi-red leve l  o f  
r e l i a b i l i t y  . 

Substantial  savings 

A more 

Third l a r g e s t  weight saving (77 lbs) is associated with the fac tor  as which 
takes into account gas leakage ard reserve. 

The number of programmed holes i n  the torus  for  packaging and t-k time requLred 
a t  design pressure should be investigated to determine whether t h i s  factor can 
be reduced, 

The smallest weight savings (37 lbs) i s  associated with the factor al. the fac tor  
of  safety on the torus design pressure. 
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Summary and Conclusions 

1. Equations have been developed f o r  predicting the launch weight of a 
l e n t i c u l a r  satellite. 

The weight of a satellite based on G2S2 design parameters as function of 
the microwave parameters p and 8 is shown in Figure 

2. 

3, The e f f e c t  of the design paramters on the satellite weight is discussed 
and potent ia l  weight savings shown i n  Table I15 

T h a t  the weight of G2S2 could by additional study and development be 
reduced from 1250 l b s  to 360 lbs. 

he 

so That pr ior  t o  a system study the design parameters be reviewed and values 
compatible with the development e f f o r t  anticipated be specified. 

A 

ERtao 
E, Rottmayer’ 1 
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d 
F 
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N 
P 
9 
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R 
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t 
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v 
Wa 
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iriz 

i n  
P s i  

lbs / in  
p s i  
lbs/ in  
i n  
i n  
i n  
i n  
OR 
i n 3  
Ibs/in2 
lbs 
lbs/in3 
i n  
degrees 

Area 
Factor, defined i n  t e x t  
Factor, deefined i n  t e x t  
Wire diameter 
Allowable stress 
HolecuJar weight of gas 
Yield load of lens  material 
Pressure 
Torus loading 
Torus radius 
Satellite radius 
Wire spacing 
Film thickness 
Temperature 
Volume 
U n i t  weight of l ens  material 
Weight 
Density 
Radius of curvature of lens  
Lens half  angle 

Subscripts 

B Bottle 
0 Gas 
I Inf la t ion sys tern 
L Lens 
P 
S Sa telli te 
T Toms 
1,2,3,4,5 Defined i n  tex t  

Lens + torus + i n f l a t ion  system 
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P 
8 
W 

N 
P T  

& m 

T 

=1 
r/R 

%? 
a3 

'5 
Note 1, 

Note 2 

TABLE I 

G2S2 PARAME'IWG 

Value 

2400 i n  

.3793 lb/in 
,038 lb/in3 
10,000 lb/in2 
,16 ' lb/in3 
160,000 lb/in2 

530° R 
.0292 7 
1.25 
1.25 
1.12 
3 
3.04 

' 4  

WB + WG = 208 l b s  

SM-8821 
11-20-64 

Ref. Pg. 

6 
6 
149 
103 
149 
105 

Titanium 
Ti tonium 
Helium 
612 
108 
10 7 
107 

Note 1 
Note 2 
Note 3 

Ebttle weight calculat ion not shown, a f a c t o r  of safety 
o f  3 was used. 

Weight of helium t o  inflate lens  and torus  computed t o  be 
5.60 lbs.  Actual welght required including leakage 13.01 
lbs. (Ref. Pg. 128) and 17 l b s  (Ref, Pg, 23) was used t o  
be conservative. aS = 17/5.60 = 3.04, 
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i In f l a t ion  
S y s t e m  

3.06 
6.72 

11.55 
17.26 
23.55 

’ 30.06 
36.45 
38.89 
h2.39 
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TABLE LI 

Weight as a li’unction of 0 

1 

Lens 

5.67 
12.72 
22.51 
34.97 so. 00 
67.49 
87.31 
9S0 86 

109.31 

w/p* x lo6 
Torus 

1.76 
3.83 
6.50 
9.57 

12.80 
15.93 
18.71 
19.67 
20.90 

L+T+I 

10.49 
23+ 2 7 
40. 56 
61.80 
86.35 

113.48 
142 . 47 
154.42 
172.60 

Summary o f  Parameter Evaluation 

I 
I Parameter 

I t e m  

Lens Material 
Lens Xaterial 
Torus Material 
Ib t t l e  Material 
I n f l a t i o n  Gas 
Geometry 
F.S. Torus Pressure 
F.S. Torus Strength 
Inflation Sys t e m  
T.S. Bottle 
Gas Leak & Reserve 

I 

G2 52 value 

29.  7k10’6 
-3792 lk / jn  
.2 3x10 i n  

4 . 02927 
1.25 
1.25 
1.12 
3.00 
3. 04 

10 g i n  

i S a t e l l i t e  

I - 
14.53 

56.18 

119.59 
157. 17 
197.32 
21 3.87 
239.05 

32.23 

85.59 

Projected Value 

12.9 7 ~ 1 0 ~ ~  lb/in2 
,0471 lb / in  
Same 
1.8xI.O i n  
Same 
Same 
1.10 
Same 
Sam 
1.50 
2.00 

P o t e n t i a l  
Weight 
Saving 

321 l b s  
294 Ibs  
None 
93 l b s  
No ne 
None 
37 l b s  
None 
Nom 
103 l b s  
77 1‘s 
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GCJCDYMR REtiOSPbCE CORKIXAT ION 

Subject : Ca-ister Separation Velwity Study 

References : 1. Mandel, J. A., Compressior, Buckling Tests cf !Vim 
Film Cylinders, GER 11771, Goodyear. Aerosyz5r: 
corporation, October 1964 . 

2. Packaging Sequence, SP-2768, Goodyear Aerospace 
Corporation, Janusry 4, 1964. 

3. Marketos, J. D,, Tumbling S a t e l l i t e ,  GoodJrexr 
Aerospace Corporation Enginne!:ring Memorandm 
Report S?'!-8827, December 1, 19614. 

4. Marketos, J. S . ,  Asymmetric Lensat Configuration 
with Ames Damper, etc, ,  Goodyear Aerospacs Corpcratior.  
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1. Symmetric S a t e l l i t e  Configuration 

Assume that the separation of the two half c<xiist,ers o c c - ~ r s  a t  a ra te  
of 3 Ft/Sec f o r  each half (22b l b ,  Reference 3 pqye 51, r e l a t ive  t o  the 
lens-torus-rim assumed stationary. 
i s  

e 
The kinet ic  e n s r q  of eanh h a l f  c a n i s t s s  

Fiqure 1 i s  a replot  of Figure 9, page 59 of Reference 1 for. alminvrn w l r o  
(dia. = 5.0 m i l ) .  I n  the same f igure,  t h e  s t r a i n  e r i e r q  per w d t  volume 
i s  plot ted versus the s t ra in ,  and i n  a t & i e  on page 2 cor3sponri icg ~ a l i i ~ r  
ai% l i s t e d  of the stress,  s t r a i n ,  s t r a i n  energy per u n i t  ~rohime, a d  the  
recovery energy, i.e. t he  s t r a i n  energy m i m s  the d t s s ipa t ed  enexyy. Ti:o 
axial  wires i n  one bilom (Reference 3, page 214) have a vcl.ume cf 
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a. Suppose tha t  the energy of 375.8 in-lb, i s  stored as s t r a i n  energr i n  
only one boom. 
one of the booms s t a r t s  get t ing twisted as sozn as the rim starts 
ge t t i cg  wound on the drum (Reference 2); therefore when the e n t i r e  
rim has been wound, this boom w i l l  be the shor tes t  of a l l  four i n  each 
tetrapod. When the rim is 
tetrapod s t a r t  get t ing twisted, hence th i r  f inal  length i n  the  packaged 
s a t e l l i t e  w i l l  be somewhat l a rge r  than the f irst  boom and shor te r  than  
the fourth boom which has not, been twlsted at all .  

T h i s  i s  conceivable because, i n  packaging the s a t e l l i t e  

50% wound two addi t ional  booms i n  each 

I n  the case where the  one boom is effect ive,  the energy of 375.8 in-lb 
would require a s t r a i n  energy densi ty  of 375’.8/26,4 = 14.23 in-lb/in3, 

As can be seen from the table  of page 2 or  from Figure 2 the a x i a l  
aluminum wires are st ressed a t  a l e v e l  a l i t t l e  higher than 5,500 p s i ,  and 
most of the energy is dissipated as p l a s t i c  flow, 

t o  Figure 2 would cause the half  can is te rs  t o  re turn  towards each 
o ther  a t  a r e l a t i v e  velocity (with respect t o  the s ta t ionary lens)  of 
about 1.15 Ft/sec. 
veloci ty  of t h e  ha l f  canisters,  the f ac t  t h a t  booms 2nd torus would kc 3.5 
t ha t  time i n  the process of i n f l a t ion ,  and t h a t  some e n e r w  has to  Le 
absorbed by the undoing of the lens, torus  and booms folds,  it is  easy 
t o  visual ize  tha t  the half-canisters will not re turn  c lear  back t o  
t h e i r  orieJLnal position. 
the f i n a l  equilibrium posit ion unt i l  the  energy is e n t i r e l y  dissipated,  

Th remaiqder o f  
the  s t r a i n  energy (recovery. energy) i s  1.560 i.Z-lb/in 3 which according 

Considering the smallness o f  the K,E. the  low r e tu rn  

T h e r e  will possibly be an osc i l l a t ion  a b u t  

b,  If three boans are effective the  re uired s t r a i n  ene rm densi ty  would 
averape CX 

a b u t  5000 psi s t r e s s  i n  the axial %ires of these booms and ;t i l ~ C c ~ ~ ~ ~ :  
energy of  about 1.30 i n - l b / i d  ( see  Figure I, p a p h  o r  t ab l e )  ard 
according t o  Figure 2 this energy wodd cause the canis te rs  t o  r e tu rn  
a t  a r e l a t ive  veloci ty  (with respect t o  the  s t a t iona ry  midpoint) cf 
0,52V, Ft/sec o r  1.56 Ft/sec . 

be 375.8/(3 x 26.L) = 4.75 in-lb/in 3 . This would sairse 

Comparison of cases a. and b. shows t h a t  one born e f fec t ive  i s  better 
than three booms ef fec t ive ,  because t h e  f o r m r  leads t o  a smaller re turn  
velocity,  I n  f ac t ,  with m a l l e r  re turn velocity,  the in f l a t ion  of thc  
booms and torus  would be more advanced and the chances f o r  f a s t e r  dir-. 
s ipat ion of the  Emaining enefgy appear t o  be be t te r .  Tho faot tha t  
the recovery energy i n  th i s  case i s  a l i t t l e  la ryer  t h a n  i n  the case of 
three ef fec t ive  booms does not seem t o  be a s  serious a problem as the  
re turn velocity. 
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FZgure 2: Separation-to-Return Velocity Ratio Versus Stress Level In 
The A x i a l  APmfnum Wires of the Tetrapod Booms of  a Symmetz5.c Satel l i te .  

V = Separa t im Velocity 

VR I Return Velocity 

Ws = Stra in  Energy (Total) 

S 

WR = Recovery Emrm 
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2. Asynmtr5.c S a t e l U t e  Configuration 

Symbols: 

Mc =? Mass of heavy half-sanis ter  

M1 
Vs = Comon veloci ty  (opposite signs) qf two hair: canlst.er.s 

= Mass of lens-rim-brus group 

a t  the f irst  instant  of separatirjn 
(Velocity of lens-rim-torus i s  Z C T D )  

VF = Cornlion veloci ty  of t h e  heavy half-canister a,nd %tie 
attached t o  i t  s a t e l l i t e ,  as an increment o r  decr*simnt 
of the  o r b i t a l  ve loc i ty  

Equations : 

C onsemation of Moms ntum 

1 2 I n i t i a l  kinet ic  energy: Mc Vs 

(Nc + M:) ':F~ T Final  kinet ic  energy: 

Energy t o  be dissipated,  
2 - (M, + MI) VF = 1 

2 hE = M, Vs 

Noting tha t  H, = 413 lb ,  +I1 = 772 (Reference 41, t,he abov2 ecjjatiori yields: 
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Compsrison of this energy t o  be dissipated i n  the s a t e l l i t e ,  with +,he emre-  

of the symnetrical confinurntion (see pzpe I ) shows tha t  the *'lr 
--I.- -- vs 2 P 
former is by about 20% l a r g e r  than the latter, heme t h e  erargy diss ipat ion 
problem kre is f o r  a l l  p r a c t i c a l  purposes i a e n t i c a l  to  t h a t  of the symmetzi?:al 
conf igimat  i on. 

w .Q W a b s  - 
James D, Marketos 

,S t ruc tura l  Analysis 
Department 456 

S t r u c t u r a l  Analysis  
De par t  me n t  456 
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